ABSTRACT Background and Aims Societal-level volume and pattern of drinking and alcohol control policy have received little
INTRODUCTION
Emergency department (ED) studies using probability samples of patients are the source of much of the data establishing the association of alcohol and injury (reviewed in [1, 2] ). These studies have found that individual volume and patterns of consumption are important risk factors for an alcohol-related injury; however, the magnitude of associations have not been homogeneous among studies.
Societal-level volume or pattern of drinking, as well as alcohol control policy, have been far less studied and may also be significant predictors of alcohol-related injury, possibly accounting for some of the variation found in the alcohol-injury relationship throughout countries.
A meta-analysis of ED data from six countries found risk of injury for those reporting drinking prior to the event was lower for heavier drinkers than lighter drinkers; however, risk was greater in those societies with higher levels of detrimental drinking patterns (DDP) [3, 4] . Multi-level analysis of ED data from 16 countries found that, while patients' individual volume of consumption was a significant predictor of alcohol-related injury, studies with higher overall average consumption reported a higher rate of alcohol-related injury, and after controlling for study-level volume, country-level DDP was also a significant predictor of alcohol-related injury [5] . Controlling for individual-level volume and pattern of drinking and study-level volume, similar analysis among 19 countries found that country-level DDP and alcohol control policy related to drinking driving and access to alcohol were predictive of an alcohol-related injury defined by patients' causal attribution of injury to their drinking [6] .
While alcohol policy scales have been developed which reflect strategies to reduce alcohol-related harm, their scope has been limited geographically and their performance generally evaluated in relation to alcohol consumption or drinking patterns, and not to alcohol-related harms [7] [8] [9] [10] [11] . The International Alcohol Policy and Injury Index (IAPII) was developed in the international context to evaluate the impact of a number of policy measures on injury, and unlike many policy scales it includes a measure of policy enforcement [12] . Controlling for per-capita alcohol consumption, the IAPII was found to predict significantly the alcohol-attributable fraction of vehicular injury mortality for males and females and overall injury mortality in 156 World Health Organization (WHO) member countries.
The present study extends earlier analysis of variation in rates of alcohol-related injury. Here we address: (1) whether the IAPII is associated with the proportion of alcohol-related injury across studies among drinkers after individual-level pattern and individual-and study-level volumes of drinking are controlled; and (2) whether country-level DDP will change the strength of the relationship between the IAPII and the proportion of alcoholrelated injury. These data are important for a better understanding of the association of alcohol control policy and country-level pattern of drinking with alcohol-related injury, and may provide policy guidance for countries in developing strategies for reducing alcohol-related harm in the form of injuries.
METHODS

Design
Probability samples of emergency department (ED) patients from the International Collaborative Alcohol and Injury Study (ICAIS) are analyzed with multi-level modeling of individual-level drinking variables and aggregate-level variables (country drinking pattern and alcohol policy) on alcohol-related injury in 33 ED studies.
Data
Samples
Data analyzed are from 62 ED sites in 28 countries included in the ICAIS, which is comprised of ED data on alcohol and injury from four international collaborative research projects, all using the same instrumentation and protocols [13] : the Emergency Room Collaborative Alcohol Analysis Project (ERCAAP), and three other international collaborative studies conducted by WHO, the Pan American Health Organization (PAHO) and the National Institute on Alcohol Abuse and Alcoholism (NIAAA). Many of these studies included only one ED site; however, some studies included more than one ED within a city or several EDs scattered throughout the region or country. The selection of multiple ED sites in a city, region or country was based on the size and diversity of the population served, as well as the types of health-care delivery systems available. All data were collected between 1996 and 2016 (see Table 1 ).
Participants and procedures
Probability samples of patients aged 18 years and older arriving within 6 hours of the injury event were obtained, and selected based on consecutive arrival to each ED, including those arriving by ambulance. Samples were selected to provide an equal representation of each shift for each day of the week during the study period, ensuring generalizability of the sample to the patient population of those injured in the respective ED during the study period. Following informed consent provided by the patient, trained interviewers administered a structured instrument of approximately 25 minutes in length that included, among others, questions about drinking prior to the injury, the patient attributing a causal association of the injury with drinking, quantity and frequency of usual drinking and higher consumption times during the last year, and demographic characteristics. Completion rates averaged 66% for the ERCAAP studies, 91% for the WHO studies, 88% for the NIAAA studies and 93% for the PAHO studies. Reasons for non-interviews were due primarily to refusing, but also included incapacitation, leaving prior to completing the interview, being in police custody and language barriers. Patients who were too severely injured to be approached in the ED were followed into the hospital and interviewed once their condition had stabilized.
MEASURES
Outcomes
Alcohol-related injury
Alcohol-related injury was measured in two ways, by selfreported consumption prior to the injury event, and among those who reported drinking, by the patient's attributing the injury to their drinking (causal attribution). The patient's reporting of any alcohol consumption during the 6 hours prior to injury has been used typically in ED studies to define an alcohol-related injury [4] , and casts the widest net in capturing all injuries which might be related to alcohol consumption. However, drinking within 6 hours prior to the injury event cannot establish causality of the event with drinking, and probably overestimates the proportion of injuries related causally to alcohol.
The second measure, causal attribution, which reflects a stronger degree of a causal relationship between drinking and injury than self-report [6] , was obtained from the question: 'Do you think your injury would have happened even if you had not been drinking?'. Those who answered 'not sure' or were missing on the causal attribution question were coded as 'not alcohol-attributed'. Sensitivity analysis was performed coding these responses as positive, with no differences found.
Predictors
Individual-level volume and pattern of drinking
Volume of consumption and usual drinking pattern during the past 12 months were used as individual-level variables to predict the likelihood of an alcohol-related injury. Volume was derived from questions regarding usual quantity and frequency of drinking for all alcohol beverage types combined. A question regarding the frequency of usual consumption of any alcoholic beverage during the last year was asked in all studies. With the exception of a few of the ERCAAP studies, quantity of consumption was obtained from questions asking what the patient usually had to drink and the number of drinks, separately for each beverage type and drink size. For those reporting more than one beverage, the maximum beverage-specific quantity was used. In some of the ERCAAP studies, the quantity of consumption was obtained from the usual number of drinks combined over all beverage types. Overall volume of alcohol consumption for all studies was estimated in standard drinks, each containing 16 ml of pure ethanol.
Individual drinking pattern was constructed from the frequency of usual consumption questions and two heavy drinking questions. Frequency of usual drinking was categorized as frequent (≥ weekly) or infrequent (< weekly). The two heavy drinking questions asked the frequency of consuming 12 or more drinks on an occasion and five to 11 drinks on an occasion during the last year, which were then summed for a 5+ measure. The drinking pattern measure was then categorized into five mutually exclusive categories: (1) infrequent light/non-heavy (drinks less than weekly/never 5+), (2) frequent light/non-heavy (drinks at least weekly/never 5+), (3) infrequent light/infrequent heavy (drinks less than weekly/5+ less than weekly), (4) frequent light/infrequent heavy (drinks at least weekly/5+ less than weekly), and (5) frequent heavy (5+ at least weekly).
Aggregate-level volume and pattern of drinking
Study-level average 12-month volume of consumption was the aggregate counterpart to individual-level volume of consumption and derived from the mean volume among drinkers in all patients in each ED study.
Country-level detrimental drinking pattern (DDP) was the aggregate counterpart to individual-level drinking pattern. Both study-level volume and DDP have been found to be significant predictors of cross-study variation in alcoholrelated injury [4, 14] . DDP is an indicator of the 'detrimental impact' on health and other drinking-related harms at a given level of alcohol consumption and was derived from country-level survey and key informant data among 51countries, based on indicators of alcohol's integration in society (e.g. drinking in public places, drinking to intoxication, drinking with meals) [5, 15] . DDP scores range from 1 (the least detrimental pattern of drinking) to 4 (the most detrimental).
Alcohol control policy
The IAPII, based on theoretical constructs and empirically tested, was used as the alcohol policy measure and reflected the same time-period during which the ED data were collected for each site. The IAPII was developed specifically to predict the alcohol-related harm of injury rather than consumption or patterns of drinking, typical of many other alcohol policy scales. It was also developed as an international index throughout countries and cultures, rather than in a more localized context [7] [8] [9] [10] [11] , and found to predict alcohol-attributable fraction for vehicular mortality and overall injury mortality among 156 countries, controlling for per capita consumption [12] . The IAPII is a composite indicator drawing selected policy measures from the WHO's Global Information System on Alcohol and Health (GISAH) [16] . The 10 policy items, some of which are composites created from several measures, are grouped into four regulatory domains: physical availability (legal minimum drinking age, government monopoly of retail sales, restrictions on outlet density, restrictions on outlet hours and days of operation); vehicular (random breath testing, legal blood alcohol concentration (BAC) limits, penalties for exceeding the maximum BAC); advertising/promotion (a composite measure of restrictions on the majority of media advertisements); drinking context (community mobilization programs, mandatory server training). Pricing, which has been used in other alcohol policy indices, was not included in the IAPII as it was not found to contribute significantly to injury mortality [12] , due probably to the fact that pricing has generally been used to predict alcohol consumption, and also due to the great variation in pricing within some countries (e.g. United States and Canada), resulting in those countries not being included by WHO in pricing policies. The IAPII generates a score based on the 10 policy items, using a point system from previous alcohol indices [10, 17] , and weighted according to an effectiveness rating in reducing adverse alcohol-related effects [18] , which is applied to a country's proportionate level of stringency for each item. Unlike most other policy scales, items in the IAPII are also weight-adjusted for the level of enforcement using the percapita gross national income (GNI) for each country as a proxy measure. The range for the IAPII scores is from 1 to 100, with a higher score indicating greater restrictiveness of a country's alcohol control policies.
For the present study, key informants in each country were asked to verify that items comprising the index were accurate for the time-period during which the respective ED data for each study were collected (names available from the first author). Further details regarding the development of the IAPII can be found elsewhere [12] .
Covariates
Covariates in the model are gender (male), age (18-29 years), education (< high school and college versus high school), employment (≥ 30 hours/week) and emergency care delivery type (ambulance delivers treatment in the home versus ambulance transports the patient to the ED) [19] .
Analysis
The 33 ED studies included in the analysis, along with sample size, proportion of drinkers and study-specific values for variables analyzed, can be found in Table 1 . Only current drinkers were included in the analysis (n = 14 390), as the focus is alcohol-related injury and, presumably, abstainers are not at risk from their own drinking. Current drinkers were defined as those who reported consuming any alcoholic beverage in the last 12 months.
Multi-level analysis was used to examine individual and study-level aggregate predictors of alcohol-related injury, separately for self-reported consumption prior to injury and for causal attribution of the injury to drinking. Individual-level volume and study-level average volume were both log-transformed in analysis. A two-level (individual at level 1, study at level 2) regression analysis for a binary dependent variable with a random intercept model was specified, modeling for the non-independence of observations due to clustered data (within a study), where individuals within clusters are correlated. In this analysis, injury patients, clustered within each study, are considered level 1 data, and the 33 ED studies are level 2 data. Models were estimated in Mplus version 8 [20] , as observed outcome variables can be binary and the use of sampling weights in the estimation of parameters and standard errors is allowed. Weights were assigned to several studies to adjust for data which over-represented weekend evenings. With sampling weights, parameters are estimated by maximizing a weighted log-likelihood function. Standard error computations use a sandwich estimator.
Using Mplus multi-level modeling, a model is specified for the within (level 1) and between (level 2) predictors of alcohol-related injury. Level 1 describes the regression of the dependent variable on observed covariates where the intercept is a random effect that varies throughout studies and level 2 describes the linear regression of the random intercept on observed study-level covariates. As our interest is in the effect of the IAPII on alcohol-related injury and changes in the effect from DDP, multiple models were fitted by incrementally including the IAPII (model 1a), then adding DDP (model 1b) followed, separately, by each of the IAPII domains along with DDP (models 2-5). The interaction of the IAPII and DDP was also examined. Both the residual level 2 variance and the Bayesian information criterion (BIC), which combines absolute fit with model parsimony, were used in model building. Covariates were controlled for in the models. Table 1 shows the proportion of alcohol-related injury among drinkers, DDP score and scores of the IAPII and its four domains for each of the 33 studies analyzed. Total IAPII scores ranged from 91 in Sweden to 21 in Mozambique and Tanzania. Before fitting the multi-level models, we assessed the correlation of the overall policy index and domains with individual-level exposure variables and DDP. Correlation coefficients were all small to medium, with the largest magnitude observed between DDP and the vehicular domain (r = À0.41) (not shown). Table 2 shows estimates for the six models predicting any drinking prior to injury. As seen in model 1a, the IAPII was significantly predictive [confidence interval (CI) = 0.97-0.99; P < 0.001] of self-reported drinking prior to injury when individual-level volume and pattern of drinking and study-level average volume were taken into account; the stronger the policy, the lower the likelihood of an alcohol-related injury. When DDP was added to the model little change was found in the IAPII (model 1b). Subsequent models show that all four of the IAPII domains were significant predictors of cross-study variation in selfreported consumption (models 2-5), with vehicular showing the largest significance (CI = 0.91-0.97; P < 0.001).
RESULTS
The same models described above were fitted for predicting rates of causal attribution of injury to drinking (Table 3 ). The IAPII was significantly predictive (CI = 0.97-0.99; P < 0.01) of causal attribution (model 1a), but marginally significant (CI = 0.98-1.00; P = 0.058) when DDP was added to the model (model 1b). In subsequent models (models 2-5), only the vehicular domain was significantly predictive of causal attribution CI = 0.92-0.99; P < 0.05).
DDP was significantly predictive of both self-reported drinking and causal attribution when the IAPII was not in the model (not shown), but not significant when the IAPII was included. As the effect of DDP on the relationship between IAPII and alcohol-related injury was of interest, the interaction of DDP and the IAPII was also examined for both self-reported consumption and causal attribution (not shown). The interaction term was not found to be significant for either outcome.
DISCUSSION
The present study builds upon findings from previous studies [4, 6] in furthering our understanding of the part that alcohol control policy plays in the observed heterogeneity in alcohol-related injury. Using an alcohol policy index developed specifically and tested to predict injury empirically in the international context [12] , the IAPII was found to predict both self-reported consumption prior to injury and causal attribution of injury to drinking, with the more restrictive the alcohol control policy in a country, the lower the rate of alcohol-related injury. This supports prior research of the association of alcohol control policies and injury mortality [21, 22] .
Alcohol control policy appeared to be a stronger predictor of self-reported drinking within 6 hours prior to injury than of patients' causal attribution of injury to their drinking. While alcohol-related injury, based on the definition of any consumption within 6 hours before injury, casts a wider net for capturing an alcohol-related injury than causal attribution, it may over-represent alcoholrelatedness of the event. The more conservative definition base on the patient's perception of causality, however, may under-represent alcohol-relatedness of the event, and reflect individual-level and societal-level drinking patterns. Prior research across eight countries found that in societies in which alcohol is highly integrated (those with a low DDP), causal attribution of injury to drinking is less likely to be denied, compared to those societies in which alcohol is less well accepted [23] . Other research throughout 15 countries found that countries with a low DDP were less likely than high DDP countries to attribute a causal association of injury with drinking at low levels of consumption, but more likely to attribute a causal association at higher levels of consumption [24] . Given that reporting a causal attribution of injury with drinking, based on individual Table 2 Multi-level models examining the IAPII a and policy domains to predict drinking in the 6 hours before injury (n = 14 390).
Model 1a
Model 1b ( Table 3 Multi-level models examining the IAPII a and policy domains to predict attribution of injury to drinking among current drinkers (n = 14 121).
Model 1b patient perception, may be affected by both individual volume of consumption in the event (not included in these analyses) and societal-level drinking pattern, self-report of any consumption prior to injury may be the better indicator of an alcohol-related injury in these analyses. It should be noted that accurate self-reports of consumption, as with causal attribution, may be problematic. Under-reporting of drinking may occur for drivers involved in a motor vehicle crash, but over-reporting as an excuse factor for those injured in violence-related events. However, prior research found that only a small percentage (ranging from 3 to 0.5%) who were positive on the breathalyzer at the time of ED admission denied drinking prior to the injury event [25] . While all four of the policy domains in the IAPII were significant for self-reported consumption, only the vehicular domain was significant for causal attribution. While these analyses were conducted among all injury causes, it might be expected that certain domains would be stronger predictors of injury resulting from a given cause compared to others; for example, vehicular alcohol control policies would probably be highly related to injuries resulting from motor vehicular crashes.
Detrimental drinking pattern level of a country, which is postulated to be associated positively with alcohol-related harms at a given level of consumption, has been found to be a strong predictor of both self-reported consumption and causal attribution in prior analyses [6] . In this analysis, DDP was not found to affect the predictive value of the IAPII on either self-report or causal attribution, nor was the interaction of DDP and the IAPII significant, suggesting that alcohol control policy is a strong predictor of alcohol-related injury, regardless of country-level drinking patterns.
While all studies used a similar design and instrumentation, all with uniform rigor, drawing patient samples to be representative of the respective ED, data analyzed here spanned a 20-year period . Alcohol policy variables were collected to reflect the same time-period during which the respective ED data were collected, and key informants in each country were asked to verify that items comprising the index were accurate for the time-period during which the ED data were collected in their country. However, in some cases the policy items may not represent adequately the geographic level relevant to the specific ED study, as policy items were generally based on aggregatelevel statistics, ranging from local-to country-level data. Additionally, patient samples cannot be considered to be representative of a broader area than that served by the ED.
Given the diversity of the countries and areas within countries analyzed, however, as well as the relatively large and comparable samples across studies, findings here clearly point to the importance of alcohol control policy in the reduction of alcohol-related injury. The more restrictive the alcohol policy in a country, the lower the rate of alcohol-related injury, and country-level drinking pattern was found to have little effect on this relationship. Alcohol policy appears to be a fruitful area of exploration in the prevention of alcohol-related injury and future studies could focus on the utility of alcohol policy in predicting other alcohol-related harm, including harms to others.
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